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POWER TRANSMISSION APPARATUS FOR 
VEHICLE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a power transmission 

apparatus for vehicles which transmits a driving force 
from one transmission shaft to the other transmission 
shaft by hydraulic pressure generated in a hydraulic 
pump, more particularly, it relates to a power transmis 
sion apparatus for vehicles which, in a four-wheel drive 
vehicle, transmits the driving force from the transmis 
sion shaft on the front wheel side to that on the rear 
wheel side or vice versa to realize a four-wheel driving 
state. 

2. Description of the Related Art 
In recent years, a four-wheel drive vehicle is particu 

larly highlighted as the vehicle which can realize a 
comfortable driving regardless of the road conditions, 
natural conditions such as weather and driving condi 
tions, because of its high running stability in speci?c 
surface conditions such as the snow and gravel roads 
and its superb driving stability during the high speed 
driving and at acceleration and deceleration also on the 
ordinary roads. 

Furthermore, recently, a so-called full-time four 
wheel drive vehicle constructed always to obtain sub 
stantially the four-wheel driving state by having a 
power transmission apparatus, which changes power 
distributions to the front and rear wheels responsive to 
the rotational speed difference generated therebetween 
when it took place, is the mainstream. 
As such a four-wheel drive vehicle, it is the general 

trend to provide the power transmission apparatus 
which distributes the driving force responsive to the 
rotational speed difference generated between the front 
and rear wheels, in the midway of a transmission shaft 
between the front and rear wheels. As such a power 
transmission apparatus, there is the one which utilizes 
hydraulic pressure generated in a hydraulic pump, par 
ticularly, a vane pump which can be easily made to be 
small sized and lightweighted and having durability. 
The vane pump, as already known, is provided with 

a casing constituted by a cam ring formed annually with 
deviation in thickness and side plates mounted on its 
sides, and a short cylindrical rotor, onto which a plural 
ity of plate vanes are disposed substantially in equal 
intervals in a circumferential direction, mounted mov 
able in a radial direction, and is constructed to form a 
pump chamber surrounded by the outer surface of the 
rotor, the inner surface of the cam ring, and further, by 
these and side walls of the side plates, by containing the 
rotor rotatably coaxially in an inner space of the casing. 
By scaling working oil introduced into the pump cham 
ber between the vanes adjoining each other, pressure is 
raised responsive to the rotation of the rotor. 
The power transmission apparatus is so designed that, 

by securing the rotor coaxially to the driving shaft con 
nected to either of the front and rear wheels, and secur 
ing the casing coaxially to the driving shaft connected 
to the other wheels, relative rotation corresponding to 
the rotational speed difference between the front and 
rear wheels is generated between the rotor and the 
casing. At this time, since the hydraulic pressure gener 
ated in the vane pump chamber corresponding to the 
relative rotation or the rotational speed difference be 
tween the front and rear wheels, acts to restrain the 
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2 
relative rotation between the rotor and the casing, the 
driving force responsive to the rotational speed differ 
ence between the front and rear wheels is transmitted 
from one of the front and rear wheels to the other via 
the hydraulic pressure, thereby a desired four~wheel 
driving state is realized. 
Now, in the four-wheel drive vehicle, for example, in 

case of driving on bad roads such as the snow and 
gravel roads, it is desirable to obtain a rigid coupling 
state as much as possible to secure the stable running. 
Meanwhile, in case of driving on the paved road, it is 
desirable to obtain a relatively loose coupling state to 
change transfer characteristics of the driving force be 
tween the front and rear wheels so as to prevent a tight 
corner braking phenomenon reliably. 

Besides, it is also desirable to change the transfer 
characteristics not only responsive to the road condi 
tions aforementioned, but also to various running states 
such as the vehicle speed, steering angle and braking. 
Moreover, in the power transmission apparatus using 

a hydraulic pump, the power transmission between the 
front and rear wheels is effected via the hydraulic pres 
sure generated in the hydraulic pump, thus the magni 
tude of the transmission force corresponds to the hy 
draulic pressure. However, as the power transmission 
apparatus (casing of the vane pump) rotates by itself, 
working oil in the hydraulic pump is sealed inside an oil 
tank which is formed as surrounding around the casing 
and restricted in size, and recirculated for use. There 
fore, the temperature rise of the working oil during 
operation is unavoidable, results in pressure drop in the‘ 
hydraulic pump due to the lowering of viscosity in 
connection with the temperature rise, whereby the 
transfer characteristics of the driving force between the 
front and rear wheels may change to cause insufficient 
transmission of the driving force corresponding to the 
rotational speed difference between the front and rear 
wheels. 

In view of such circumstances, the inventors have 
proposed, in the US. Pat. No. 4,850,447, a power trans 
mission apparatus, in which changes in transfer charac 
teristics of the driving force corresponding to the run 
ning state, and corrections of transfer characteristics 
change in connection with the change in oil tempera 
ture are made possible. 

Frankly speaking, the invention is constituted such 
that, by providing a variable throttle driven electrically 
or hydraulically in a n oil discharge passage of the hy 
draulic pump, and changing an opening of the variable 
throttle to change passage resistance in the oil discharge 
passage, the pressure characteristics of the hydraulic 
pump can be changed. On the other hand, sensors for 
detecting various state quantities relating to the running 
states such as the vehicle speed, steering angle and ac 
celerator openingare arranged on the vehicle body. In 
this power transmission apparatus, an appropriate trans 
fer characteristics responsive to the running states is 
obtained by adjusting the energizing current to the 
solenoid, and changing the throttle opening of the vari 
able throttle continuously in response to the detect on 
results of respective sensors. 

In such power transmission apparatus for vehicles, I 
the transfer characteristics change in connection with 
the oil temperature rise may be corrected by changing 
the throttle opening responsive also to the detection 
result of working oil temperature, thereby desired trans 
fer characteristics can always be obtained. 
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In the variable throttle adopted in the aforesaid US. 
Pat. No. 4,850,477, however. in case of electrical drive, 
wirings to a drive source are required, and in case of 
hydraulic drive. hydraulic pipings to the drive source 
are required respectively. However, since it is dif?cult 
to ?x the wirings or pipings to the power transmission 
apparatus which is rotating as aforementioned, they are 
?xed to the stationary portion in the vicinity of the 
apparatus. Accordingly, the oil discharge passage of the 
hydraulic pump aforementioned is inevitably so con 
structed in a complicate way that, it extends from the 
rotating power transmission apparatus to the variable 
throttle provided on the stationary portions, and from 
which it returns further to the power transmission appa 
ratus. 

Therefore, in the US. Pat. No. 4,850,447, oil dis 
charged from the hydraulic pump is temporarily once 
introduced into the power transmission apparatus from 
the oil passage formed in the axis of the rotary shaft of 
the rotor, led to the stationary portion in the vicinity of 
the supporting position of the rotary shaft outside the 
power transmission apparatus, and after passing 
through the variable throttle ?xed thereon, guided into 
the oil passage formed at a portion of the casing near the 
supporting position thereof, and returned to the oil tank. 

In the conventional power transmission apparatus in 
which the transfer characteristics of the driving force 
can be changed, oil discharge passages having a compli 
cated construction is necessary, accordingly, on manu 
facturing the apparatus, not only a great deal of works 
are required for forming the oil passages, but also a 
troublesome work of matching the oil passages here and 
there one another is encountered at assembling. 

Also, in addition to a complicated construction of the 
driving solenoid for changing the opening of the vari 
able throttle continuously, a control unit for controlling 
the energizing current to the solenoid becomes compli 
cated, results not only in a high cost but also a high 
provability of defective operation of the solenoid and 
control unit as well as a low reliability are feared. 

Furthermore, in order to meet the requirements 
stated above, a variable throttle whose opening is ad 
justable from the outside must be provided in the middle 
of the oil discharge passage formed in the rotating cas 
ing, results in a dif?cult arrangement. 
That is, generally, it may be considered to construct 

in such a manner that, a portion connecting the casing 
of the vane pump and a transmission shaft correspond 
ing thereto is made cylindrically so as to incorporate a 
variable throttle and a magnetic member connected to 
one side of the variable throttle slidably in an axial 
direction on the axis thereof, and at the same time, an 
exciting coil ?xed to any position is provided around 
the cylindrical portion to move the magnetic member, 
thereby adjusting the opening of the variable throttle. 
However, in the case where such a con?guration is 

adopted, in order to focus the magnetic ?ux generated 
by energizing the exciting coil on the position where the 
magnetic member is disposed to move the magnetic 
member reliably, it is important to cut off the magnetic 
flux leakage into the cylindrical portion. In order to 
obtain this end, a ring made of non-magnetic member is 
welded on the middle of the cylindrical portion to cut 
off the magnetic flux leakage of the magnetic member, 
thereby the magnetic ?ux is focused on the magnetic 
member. However, in the case where the magnetic 
member and the non-magnetic member are welded 
therebetween, a suf?cient welding strength can not be 
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4 
guaranteed, so that when a large transmission torque is 
exerted on the cylindrical portion, the welded portion 
may break. 

Against the fact that the exciting coil which is ?xed 
to any portion of the vehicle body, the cylindrical por 
tion containing the magnetic member is rotated to 
gether with the power transmission apparatus, there 
fore, variations of the relative position in a radial direc 
tion of the magnetic member against the exciting coil 
due to vibration of the vehicle body during running can 
not be avoided. Therefore, there is the possibility that 
the intensity of magnetic ?eld in the position where the 
magnetic member is disposed becomes unstable to cause 
?uctuations of the opening of the variable throttle, 
thereby the desired transfer characteristics can not be 
obtained and further, in the case where vibration of the 
vehicle body is large, the exciting coil may be damaged 
by collision with the cylindrical portion. 

Moreover, there are some difficulties in that, the 
driving solenoid of the variable throttle becomes com 
plicated in construction, and in order to obtain the ap 
propriate throttle opening for respective detection re 
sults of plural kinds of state quantities and to realize the 
opening, an opening control unit for adjusting the ener 
gizing current to the solenoid continuously becomes 
complicated in construction, thus in addition to the high 
manufacturing cost, results in a high probability of de 
fective operation of the solenoid and opening control 
unit and a low reliability. 

SUMMARY OF THE INVENTION 

The present invention has been devised in view of 
such circumstances, therefore, it is a ?rst object thereof 
to provide a power transmission apparatus for vehicles 
in which transfer characteristics of a driving force can 
be changed by a simple hydraulic ?uid discharge pas 
sage con?guration. 

It is also a second object of the present invention to 
provide a power transmission apparatus for vehicles in 
which, by cutting off the magnetic flux leakage into a 
holding member of a variable throttle without causing 
insuf?cient strength of the holding member, and pre 
venting reliably any variations of relative position be 
tween a magnetic member constituted in a unit with the 
throttle member and an exciting coil, the transfer char 
acteristics can be changed reliably without changing 
the opening of the variable throttle. 

It is further a third object of the present invention to 
provide a power transmission apparatus for vehicles, in 
which selection of plural different transfer characteris 
tics is realized by a simple con?guration of a solenoid 
for driving the throttle member and an energizing cur 
rent control unit for the solenoid, to improve the reli 
ability and to reduce the cost. 

It is a fourth object of the present invention to pro 
vide a power transmission apparatus for vehicles, in 
which transfer characteristics responsive to the running 
states‘of the vehicle can be changed by a simple config 
uration to improve the reliability and to reduce the 
product cost. 
A ?rst invention of a power transmission apparatus 

for vehicles according to the present invention, in 
which a hydraulic pump having a rotor and a casing 
which are respectively coupled and interlocked with 
respective transmission shifts of front and rear wheels, 
and rotated relatively on the same axis is constituted, 
and the front and rear wheels are connected by hydrau 
lic pressure generated in the hydraulic pump responsive 
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to the rotational speed difference between the front and 
rear wheels, a throttle member which is positioned on 
the axis of the rotor and casing, rotated with interlock 
ing with either the rotor or casing and disposed mov 
ably along the axis to change the hydraulic ?uid dis 
charge passage area of the hydraulic pump responsive 
to the movement thereof, and a driving unit having a 
magnetic member coupled coaxially to the throttle 
member and a coil provided around the magnetic mem 
ber and supported nonrotatably to drive the throttle 
member by movement of the magnetic member caused 
by excitation of the coil are provide. 

In the ?rst invention, the throttle member rotated in 
connection with the rotation of the rotor and casing, is 
moved together with the magnetic member which is 
disposed coaxially and coupled thereto, by the action of 
magnetic ?eld generated by the coil surrounding the 
magnetic member and supported nonrotatably, to 
change the hydraulic ?uid discharge passage area of the 
hydraulic pump, thereby the transfer characteristics of 
the driving force is changed. 
A second invention of a power transmission appara’ 

tus for vehicles according to the present invention, in 
which a hydraulic pump having a rotor and a casing 
which are respectively coupled and interlocked with 
respective transmission shafts to the front and rear 
wheels, and rotated relatively on the axis is constituted, 
and a throttle member to which a magnetic member is 
coupled is provided in the middle of the hydraulic ?uid 
discharge passage of the hydraulic pump, to change the 
transfer characteristics to the transmission shafts via the 
hydraulic pressure generated in the hydraulic pump by 
movement of the throttle member generated responsive 
to the energizing current to the exciting coil, between a 
pair of coupling ?anges, a holding cylinder made of a 
non-magnetic material which is interposed coaxially 
between the rotor or casing and the transmission shaft 
respectively corresponding thereto together with the 
?anges, and holds the throttle member therein slidably‘ 
on the center, and a supporting cylinder which is held 
nonrotatably and supports the holding cylinder therein 
rotatably coaxially are provided. The magnetic member 
is connected to the throttle member in a unit, and the 
exciting coil is ?xed to the inside of the supporting 
cylinder via the peripheral wall of the holding cylinder 
so as to surround the magnetic member. 

In the second invention, the throttle member and 
magnetic member connected thereto are held slidably in 
the holding cylinder made of non-magnetic member, 
the holding cylinder is supported rotatably coaxially in 
the supporting cylinder in which the exciting coil is 
?xed, these above being interposed coaxially between 
the transmission shafts corresponding respectively to 
the rotor or casing to constrain the rotation of the sup 
porting cylinder by engagement with any ?xed portion. 
Thereby, the holding cylinder and the magnetic mem 
ber ?xed thereto do not produce relative positional 
variations against the supporting cylinder and the excit‘ 
ing coil ?xed thereto. Strength against the transmission 
torque exerted on the holding cylinder is guaranteed by 
the holding cylinder. 
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Third and fourth inventions of a power transmission ' 
apparatus for vehicles accordingto the present inven 
tion, in which a hydraulic pump having a rotor and a 
casing which are respectively coupled and interlocked 
with respective transmission shafts to the front and rear 
wheels, and rotated relatively on the same axis is consti 
tuted, and transfer characteristics to the front and rear 
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wheels via hydraulic pressure is changed, by disposing 
a throttle member driven by an exciting coil on the 
discharge side of the hydraulic pump, and by moving 
the throttle member against the biasing force of a bias 
ing member by energizing the exciting coil to control 
the hydraulic ?uid flow resistance on the discharge 
side, the biasing member is constituted by a plurality of 
springs arranged in parallel or in series, and the exciting 
coil is constituted by disposing a plurality of coils which 
can be energized in parallel. 

In the third and fourth inventions, plural different 
transfer characteristics are realized by changing the 
energizing current to the exciting coil stepwisely to 
move the throttle member urged by a plurality of 
springs disposed in parallel or in series in plural steps 
against the biasing force of respective springs, or by 
applying a predetermined current separately to a plural 
ity of coils of the exciting coil to move the throttle 
member stepwisely by the action of magnetic ?elds of 
different intensity generated during energizing respec 
tively. ‘ 

A ?fth invention of a power transmission apparatus 
for vehicles according to the present invention, in 
which a hydraulic pump having a rotor and a casing 
which are respectively coupled and interlocked with 
respective transmission shafts to the front and rear 
wheels, and rotated relatively on the same axis is consti 
tuted, a variable throttle is disposed on the discharge 
side of the hydraulic pump, and the transfer characteris 
tics to the front and rear wheels via hydraulic pressure 
is changed by controlling the throttle opening, detect 
ing means for detecting a plural state quantities relating 
to the running states of a vehicle, and an opening con 
trol unit which controls the variable throttle in response 
to combination of respective detection results to change 
the throttle opening stepwisely. 

In the ?fth invention, not the very results of the state 
quantity associated with the vehicle running states de_ 
tected by the detecting means, but in response to 
whether or not these combinations would satisfy a pre 
determined condition, the variable throttle is controlled 
to either of the throttle openings of plural steps to real 
ize the plural transfer characteristics corresponding to 
the respective throttle openings. 
The above and further objects and features of the 

invention will more fully be apparent from the follow 
ing detailed description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal sectional view showing an 
example of con?guration of one embodiment of a ?rst 
invention of the present invention; 
FIG. 2 is an enlarged sectional view showing a con 

?guration of a characteristic portion and its peripheral 
portion shown in FIG. 1; 
FIG. 3 is an enlarged view taken along the line III 

—-III of FIG. 2; 
FIG. 4 is a graph showing transfer characteristics of 

a driving force between input/output shafts realized by 
an apparatus of the present invention; 
FIG. 5 and FIG. 6 are longitudinal sectional views 

showing examples of con?guration of another embodi 
ment of a ?rst invention of the present invention; 
FIG. 7 is a graph showing transfer characteristics of 

a driving force between input/output shafts realized by 
an apparatus of an apparatus of the present invention 
shown in FIG. 5 and FIG. 6; 
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FIG. 8 and FIG. 9 are longitudinal sectional views 
showing an example of con?guration of one embodi 
ment of a third invention of an apparatus of the present 
invention: 
FIG. 10 is a graph showing transfer characteristics of 

a driving force between input/output shafts realized by 
a third invention of an apparatus of the present inven 
tlOn: 

FIG. 11 is a longitudinal sectional view showing an 
example of con?guration of another embodiment of a 
third invention of an apparatus of the present invention; 
FIG. 12 is a longitudinal sectional view showing an 

example of con?guration of one embodiment of a fourth 
invention of an apparatus of the present invention; 
FIG. 13 is a longitudinal sectional view showing an 

example of con?guration of one embodiment of a ?fth 
invention of an apparatus of the present invention; and 
FIG. 14 is a longitudinal sectional view showing an 

example of con?guration of a second embodiment of a 
?fth invention of an apparatus of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following, the present invention will be de 
scribed with reference to the drawings showing its pre 
ferred embodiments. 
FIG. 1 is a longitudinal sectional view showing an 

example of con?guration of an embodiment of a ?rst 
invention of a power transmission apparatus for vehi 
cles (hereinafter referred to as an apparatus of the in 
vention) according to the present invention. 

In FIG. 1, numeral 1 designates an input shaft which 
rotates with interlocking with either of front and rear 
wheels which receives transmission of a driving force 
directly from a engine as a power source, and numeral 
2 designates an output shaft which rotates with inter 
locking with the other front or rear wheels. 

In the apparatus of the invention, by pressure gener 
ated in a vane pump 3 interposed between the input 
shaft 1 and the output shaft 2, the driving force is trans 
mitted from the input shaft 1 to the output shaft 2, or 
from either of the front and rear wheels to the other 
wheels, responsive to the rotational speed difference 
between the shafts, or the rotational speed difference 
generated between the front and rear wheels. 
Main component elements of the vane pump 3 com 

prises mainly a short cylindrical rotor 30, and a casing 
constituted by a cam ring 31 containing the rotor 30 
coaxially, a side plate 32 and a pressure plate 33 secured 
to both sides of the cam ring 31 in a manner to be de 
scribed later. 
The rotor 30 has a plurality of strip-like receiving 

grooves formed substantially in equal intervals in its 
circumferential direction. Into the respective receiving 
grooves, thin rectangular plate vanes 30a are inserted 
slidably in the radial direction of the rotor 30. 
The cam ring 31 is a member formed cylindrically 

with deviation in thickness and having a substantially 
same axial length as the rotor 30, and in the center 
thereof, a cavity having a slightly larger diameter than 
the outside diameter of the rotor 30 and is provided 
with a plurality of depressions arranged in equal inter 
vals in a circumferential direction is formed. 
The side plate 32 is a relatively thin annular disc 

shaped member and the pressure plate 33 is a relatively 
thick annular disc-shaped member, respectively having 
a supporting hole of a rotor shaft 4 to be described later 
at their center positions. The side plate 32 and the pres 
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8 
sure plate 33 are mounted to the cam ring 31 as clamp 
ing the cam ring 31 therebetween. In the side plate 32. 
to one side of an annular disc positioned coaxially, a 
short cylinder is connected. 
On the input shaft 1 side of the side plate 32, a shaft 

sealing member 34 positioned coaxially with the side 
plate 32, pressure plate 33 and rotor 30 is disposed. The 
disc portion of the shaft sealing member 34, side plate 32 
and cam ring 31 are joined together with the shaft seal 
ing member 34 in a unit, by a plurality of ?xing bolts 35 
extending axially therethrough in this order on the 
other side of the side plate 32, and threaded into respec 
tive screw holes, not shown, formed in the pressure 
plate 33, to constitute a casing of the vane pump 3. 
Outside the casing, a thin cylindrically formed cover 
member 36 engaged partly to the periphery of the pres 
sure plate 33 and to that of the cylindrical portion of the 
shaft sealing member 34 is mounted. Working oil of the 
vane pump 3 is sealed inside an oil tank T formed annu 
larly between the cover member 36 and the casing. 

In the ?gure, numeral 5 designates a coupling mem 
ber which serves as a spacer and is constituted by a 
cylindrical portion having a cavity of the shape to be 
described later in the center position thereof, and disc 
shaped coupling ?anges 5a, 5b formed coaxially with 
the cylindrical portion on both sides thereof. The cou 
pling member 5 is interposed between the casing of the 
vane pump 3 and the output shaft 2, one coupling ?ange 
5a being secured to a coupling ?ange 20 formed at the 
end of the output shaft 2, and the other coupling ?ange 
5b being secured to the other side face of the pressure 
plate 33, thereby coupling the casing and the output 
shaft 2 on the same shaft. 

Meanwhile, the rotor 30 is inserted in a space sur 
rounded by the cavity of the cam ring 30, the side plate 
32 and the pressure plate 33. The rotor 30 is provided on 
the rotor shaft 4 between the supports by spline engage 
ment. 

The rotor shaft 4 is born by a needle roller bearing 
32a and a ball bearing 33a respectively ?xed inside the 
core portion of the side plate 32 and the pressure plate 
33. The rotor shaft 4 is sealed at its periphery by an oil 
seal and an X-ring mounted on the inner wall of the 
cylindrical portion of the shaft sealing member 34, and 
projecting on the side of the side plate 32 by suitable 
length. At the projecting end of the rotor shaft 4, a 
coupling ?ange 4a formed coaxially with the rotor shaft 
4 is secured to a disc ?ange 10 formed at the end of the 
input shaft 1, thereby coupling the rotor shaft 4 and the 
input shaft 1 coaxially. 

That is, the casing of the vane pump 3 is coupled to 
the output shaft 2 via the coupling member 5, and is 
rotated about its axis in interlocking motion with the 
rotation of the output shaft 2. Meanwhile, since the 
rotor 30 is coupled to the input shaft 1 via the rotor shaft 
4 and is rotated about its axis in interlocking motion 
with the rotation of the input shaft 1, between the rotor 
30 and the casing, the relative rotation corresponding to 
the rotational speed difference between the input shaft 1 
and the output shaft 2, or between the front and rear 
wheels is generated. 

In this way, between the outer surface of the rotor 30 
and the inner wall of the cavity of the cam ring 31 
inserted inside the casing. a space (pump chamber) sur 
rounded by the two surfaces and side walls of the side 
plate 32 and that of pressure plate 33 is formed at the 
position where depressions of the cam ring 31 is formed. 
In respective pump chambers, positioning at opposite 
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ends in the rotating direction of the rotor 30, each pair 
of suction ports 40 opening on the side plate 32 side and 
each pair of discharge ports 41 opening on the pressure 
plate 33 side are formed. 
Each of the suction ports 40 is communicated with 

the oil tank T through separate suction check valves 42 
which are ?xed to the disc portion of the side plate 32 
responsive to the position of the suction ports 40 and 
allow only in?ow of the working oil into the pump 
chamber, and through separate suction oil passages 44 
extending through the shaft sealing member 34 in a 
direction of its thickness. 
On the other hand, each of the discharge ports 41 

communicated with the oil tank T through separate 
suction check valves 42 which are ?xed to the disc 
portion of the side plate 32 responsive to the position of 
the suction ports 40 and allow only in?ow of the work 
ing oil into the pump chamber, and through separate 
suction oil passages 44 extending through the shaft seal 
ing member 34 in a direction of its thickness. 
On the other hand, each of the discharge ports 41 is 

communicated with an annular groove 47 formed on 
the side wall of the rotor 30 so as to communicate bot 
toms of the receiving grooves of respective vanes 30a 
one another, through oil discharge passages 45 formed 
in a manner to bend inward radially in the pressure plate 
33, and through separate discharge check valves 46 
which are secured at the middle of the oil discharge 
passage 45 and allow only out?ow of the working oil 
from the pump chamber. 

In the pressure plate 33, there is formed an oil guide 
hole 43 extended therethrough in the axial direction. 
The oil guide hole 43 is opened in the annular groove 47 
at one end, and is opened in the annular groove 37 
provided along the inner wall of the supporting hole at 
the position on the surface a little close to the outside 
surface of the pressure plate 33 at the other end. 

Meanwhile, an annular space between the supporting 
hole of the side plate 32 and the rotor shaft 4 is commu 
nicated with the oil tank T by a ?ow back hole 48 ex 
tending through the cylindrical portion of the shaft 
sealing member 34, and an annular space between the 
supporting hole of the pressure plate 33 and the rotor 
shaft 4 by a ?ow back hole 49 extending through the 
pressure plate 33 radially, the annular spaces being kept 
substantially in the isobaric state with the oil tank T. 
FIG. 2 is a partially enlarged sectional view of a 

coupling member 5 interposed between a casing of a 
vane pump 3 and an output shaft 2 shown in FIG. 1 and 
its periphery. 
The coupling member 5 is inserted partly into the 

supporting hole of the pressure plate 33 on the coupling 
?ange 5b side (left-hand side in the ?gure), and is con 
tacted to the outer surface of the ball bearing 33a at its 
end face to function also as a pressing member of the 
ball bearing 330. 

In the center of the coupling member 5, throughout 
the entire length thereof in the axial direction, a round 
sectional cavity consisting of a large diameter portion 
51 formed on the coupling ?ange 5b side or on the side 
secured to the pressure plate 33, a large diameter por 
tion 52 formed on the coupling ?ange 5:: side or on the 
side secured to the output shaft 2, and a reduced diame 
ter portion formed so as to connect the large diameter 
portions is formed. Around the inner wall of the large 
diameter portion 51, a second annular groove 53 having 
rectangular section is formed in the vicinity of the open 
ing end thereof. The second annular groove 53 is com 
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10 
municated with the annular groove 37 formed around 
the supporting hole of the pressure plate 33. by a com 
rnunicating oil passage 54 which opens in the second 
annular groove 53 at one end, and extends radially 
through the engaging portion with the pressure plate 
33. 

Inside the large diameter portion 51, a cylindrical 
throttle member 60 is inserted slidably in the axial direc 
tion. On the throttle member 60, an annular groove 61 
having rectangular section and communicated with the 
second annular groove 53 around the inner wall of the 
large diameter portion 51, is formed on the outer sur 
face near one side end on the pressure plate 33 side. 
FIG. 3 is an enlarged view taken along the line III 

—-III of FIG. 2. 
As shown in FIG. 3, the annular groove 61 is commu 

nicated with one side of the throttle member 60, or an 
annular space in the supporting hole of the pressure 
plate 33, by ?rst annular grooves 62 formed by notching 
plural locations rectangularly (4 locations in the em 
bodiment shown in FIG. 3) in the circumferential direc 
tion. 

Accordingly, respective discharge ports 41 of the 
vane pump 3 are communicated with the annular space 
which is kept at low pressure in the ‘supporting hole of 
the pressure plate 33, from the oil discharge passage 45, 
discharge check valve 46, annular groove 47 and oil 
guide hole 43 through the annular groove 37, communi 
cating oil passage 54, second annular groove 53, annular 
groove 61 and ?rst annular grooves 62. Areas of the oil 
passage change responsive to variations of the commu 
nicating area between the second annular groove 53 and 
the annular groove 61, generated by sliding motion of 
the throttle member 60 along the large diameter portion 
51 of the coupling member 5. 

In FIG. 1, the throttle member 60 is at the position 
spaced from the pressure plate 33, and the large commu 
nicating area is shown. In FIG. 2, the throttle member 
60 is at the position close to the pressure plate 33, and 
the small communicating area is shown. 

Meanwhile, into the large diameter portion 52 of the 
coupling ?ange 5a side, a magnetic member, speci?~ 
cally, an iron core 63 is inserted. The iron core 63 is 
formed into a short circular cylinder being provided 
with a tapered reduced diameter portion on one side, or 
the throttle member 60 side, so as to be easily affected 
by the action of magnetic ?led generated by the driving 
coil 7 to be described later. To the end portion on the 
reduced diameter side fo the iron core 63, a round bar 
shaped coupling rod 64 extending to the large diameter 
portion 51 on the other side through the reduced diame 
ter portion of the coupling member 5 is connected coax 
ially. The iron core 63 is born slidably along the axis of 
the cavity portion by slide bushes 55 and 56 respectively 
pressed in and ?xed onto the inner walls of the reduced 
diameter portion and the large diameter portion 52. 
The coupling rod 64 is, in the large diameter portion 

51, inserted through the center of the throttle member 
60 and ?xed thereto in a unit by means of a ?xing nut 66 
screwed onto the tip thereof. As shown in FIG. 1 and 
FIG. 2, the throttle member 60 is urged left-ward in the 
?gures, speci?cally, in the direction toward the pres 
sure plate 33, by a coil spring 65 as a biasing member 
disposed on the shoulder portion between the large 
diameter portion 51 and the reduced diameter portion 
of the coupling member 5. 

Accordingly, the throttle member 60 and the iron 
core 63 are coupled coaxially by the coupling rod 64, 






















